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On September 5 we visited Langley's Stability and
Control Section to discuss their commen’cs(1>
on fine pointing of telescopes(2’3) and to learn about their
work in this area. We met with W. B. Anderson, N. J. Groom,
P. R. Kurzhals (Chief), and J. D. Shaughnessy.

on Bellcomm's work

Capability of ATM Type System, P. G. Smith's Work

P. G. Smith in reference (2) reports the results of
his work to determine the pointing stability inherent in an
ATM type system (that is, two degree-of-freedom hard gimbals).
This work was motivated by the possibility of using the ATM
for a stellar telescope in the future. Smith concluded that the
current ATM has the inherent capability of attaining a pointing
stability of 0.1 arcsec for a stellar telescope. He also found
that by reducing the sources of error, particularly the gimbal
motor breakout torque, a polinting stability of 0.01 arcsec could
be attained.

Smith's study did not give detailed consideration to
the star sensor or telescope flexibility. However, data on

a star sensor from Perkin—Elmer(u), which we checked, indicates
that a sensor adequate for the pointing control system could be
developed. The question of telescope flexibility is now being
studied and is discussed below.

Work of Langely's Stability and Control Section

This Section became involved in fine pointing control
in May of this year. To date they have laid out a research
program directed toward developing the technology required for
fine pointing systems. They have also develdped a single axis
analog simulation of the solar ATM. This simulation includes
a sun sensor with an assumed deadband of 0.1 arcsec and a rate-
sensor with an assumed threshold of 0.1 arcsec/sec. The ATM
spar is modelled as a flexible body using MSFC data. So far
the work accomplished with thls simulation has been fa adinet
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the feedback gains in order to achieve a stable system. They
have found, as expected, that the spar wanders within the
0.1 arcsec deadband assumed for the sun sensor.

They plan next to apply crew motion disturbances,
which will be simulated as band-limited noise (that is, the
output of a filter driven by white noise).

It appears that follow-on work by the Stabilility and
Control Section will address the question of the pointing sta-
bility attainable for a stellar telescope with an ATM type sys-
tem. They are rightly concerned with the fact that the star
sensor and telescope flexibility are important items.

Telescope Flexibility

Since any telescope structure will have a certain
amount of flexibility, there is the question of what the ef-
fect is of the translational motion induced on the telescope
support due to movements of the crew. G. M. Anderson has pub-

lished the results of his work on this question(3). He modelled
the telescope as a uniform beam supported at its mass center by
a spring. At the spacecraft end of the spring, he applied a
ramp function of translation which would result from an astro-
naut pushing off of wall of a rigid spacecraft with impulsive
force. This worst case disturbance was used to scope

the flexibility problem. Anderson found that with a rigid
(stiff spring) support this disturbance produced telescope bend-
ing of from 0.5 to 2.0 arcsec, which is clearly excessive. He
also found that by reducing the spring constant realistically
telescope bending could be reduced to an arbitrarily low

level, even below 0.01 arcsec. This result confirmed that
translational decoupling using a spring support is effective.
However, since the crew motion disturbance was a worst case and
not representative of normal crew activity, Anderson's work

did not demonstrate the necessity for translational decoupling.
His work does indicate, however, that more precise modelling of
the telescope, its support structure, and crew disturbances is
needed to deal with the problem,.

R. J. Ravera and P. G. Smith have also studled the
problem of translational decoupling but their results have
not been published. They treated crew motion as a random
process, just as personnel at LaRC and MSFC are doing. Ravera,
using the same uniform beam model as Anderson, found that with-
out translational decoupling telescope bending introduced by random
crew motion was small relative to 0.01 arcsec. He also found
this to be the case when discrete masses were added to account
for the primary and secondary mirrcrs of the telescope.
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Smith has designed structural models of 1 and 2
meter telescopes with 147 degrees-of-freedom. These models
include primary and secondary mirrors and an instrument pack-
age, and the mechanical supports for these elements. His
findings to date do not indicate the need for translatlonal de-
coupling.

Although the results of Ravera and Smith do not in-
dicate the need for translational decoupling, their investigations
are not complete.

Conclusions

In conclusion, based upon what we know today there
does not appear to be an insurmountable problem that precludes
attaining a pointing stability of 0.01 arcsec with an ATM type
system (that is, two degree-of-freedom hard gimbals). We
recognize, however, that more analytical studies and simulations
will be useful in discovering potential problem areas. We plan
fo continue our work in this area and we feel that the research
plans of LaRC are well thought out and should be persued. In
particular, independent work should be done on

1. in-depth modelling of star sensor noise,

2. developing detailed flexibility models of actual
telescope structures, and

3. in-depth simulations of the fine pointing control
system including telescope flexibility, star sensor
noise, and other sources of error.

Finally, we recognize that the ATM gimbals do not
provide fine roll stability and that this gquestion needs study.
It appears to be a two part question:

1. requirements, which depend on the type of observations -
spectrographic or photographic, and

2. mechanization -fine roll gimbal or image motion com-
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